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SUMMARY 

An investigation of the jet-interference e f f ec t s  associated with 
a twin-engine fighter-airplane model incorporating auxi l iary air flow, 
nonafterburning and afterburning nozzle geometry, and high and low 
horizontal- ta i l  locations has been conducted i n  the Langley 16-foot 
transonic tunnel by using hydrogen peroxide gas generators t o  simulate 
the hot turbojet  exhausts. Base pressures and drag, afterbody pres- 
sures, temperatures, and drag, horizontal- ta i l  pressures, and fuselage- 
t a i l  l i f t  and pitching moments are  presented f o r  various conditions 
within a range of tes t  variables, including Mach numbers from 0.80 t o  
1.05, angles of a t tack from 0' t o  12O, and jet-pressure r a t i o s  from 
j e t  off t o  7. 

The re su l t s  indicate that  discharging auxi l iary air  from ports 
located i n  the side of the fuselage forward of the engine shrouds 
caused an increase i n  base drag near an angle of a t tack of 80 at high 
subsonic speeds. Jet  operation with afterburning nozzles increased 
the base pressures i n  comparison t o  those obtained w i t h  the nonafter- 
burning nozzles and reduced the drag of the basic model (high ta i l )  a t  
a l l  pressure r a t io s  and Mach numbers investigated. 
horizontal t a i l  from the ve r t i ca l  s t ab i l i ze r  t o  the fuselage overhang 
resul ted i n  an unstable fuselage-tail  combination and i n  jet-induced 
nose-up pitching moments, which were not experienced by the high-tai l  
configurations. 

Lowering the 
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INTRODUCTION 

a 

1 

An investigation of the jet-interference e f fec ts  on a model of a 
twin-engine f igh ter  airplane with an overhanging fuselage has been con- 
ducted i n  the Langley 16-foot transonic tunnel. The ef fec ts  of fuselage 
geometry modifications and nonafterburning j e t  operation on the fuselage 
pressures and the drag and s t a b i l i t y  of this airplane configuration were 
reported i n  references 1 and 2. 
references incorporated high horizontal- ta i l  surfaces which were found 
t o  be unaffected by the j e t  exhausts ( r e f .  3 ) .  
ever, ( r e f s .  3 and 4)  t h a t  positioning the horizontal- ta i l  surfaces i n  
close proximity t o  engine ex i t s  can r e su l t  i n  appreciable j e t  in te r -  
ference. 
basic  models of references 1 and 2 i n  which the jet-to-horizontal-tail  
ve r t i ca l  and longitudinal spacing were varied i n  order t o  study the 
influence of t a i l  height on s t a b i l i t y  and the jet-interference problems 
associated w i t h  the low-tail posit ion.  

The model configurations of these 

It has been shown, how- 

This report  presents the resu l t s  of an investigation of the 

Other variables examined herein include the e f f ec t  of discharging 
auxi l iary ' (engine compartment cooling) air  flow from the fuselage ahead 
of the j e t  ex i t s ,  and the e f f ec t s  of engine nozzle s ize  (simulated non- 
afterburning and afterburning geometry) and single -engine operation on 
model surface pressures and temperatures. Engine base, afterbody, and 
horizontal- ta i l  pressures, afterbody temperatures, and fuselage-tai l  
l i f t  and pitching-moment coefficients were measured a t  Mach numbers 
from 0.80 t o  1.05 and angles of attack ranging from Oo t o  12O. J e t  
operation a t  pressure r a t i o s  from no flow t o  7 w a s  simulated by 
hydrogen peroxide gas generators of the type described i n  reference 5 .  
The average Reynolds number, based on the wing mean aerodynamic chord, 
was approximately 5.0 x 106. 

SYMBOLS 

A 

Ab 

C 

'D,b 

ax ia l ly  projected area, sq f t  

base area, A, - A j ,  sq f t  

mean aerodynamic chord of basic wing ( f ig .  2) ,  f t  

base drag coefficient,  - Cp,b F, *b 

jet-induced pressure dr 
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approximate jet-induced drag on complete model, + ACD,~ 
fuselage-tail lift coefficient, - J’L 

q 2  

MY 
L S Z  

fuselage-tail pitching-moment coefficient, - 

jet-induced fuselage-tail pitching-moment Coefficient, 
(‘m1je-c. on - (cm)jet off 

horizontal-tail section normal-force coefficient 

horizontal - tai 1 section e f f e c tivene s s parameter (evaluated 
between a = 0’ and bo) 

PI - p, 
&o 

pressure coefficient, 

average base-pressure coefficient 

- ( cp j et on jet-induced pressure coefficient, 

diameter, in. 

horizontal-tail incidence angle measured at root chord with 
respect to fuselage reference line, deg 

fuselage-tail lift, lb 

Mach number 

fuselage-tail pitching moment about 0.29E, ft-lb 

static pressure, lb/sq ft 

total pressure, lb/sq ft 

dynamic pressure, lb/sq ft 

basic wing area (see fig. 2), sq ft 
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T t o t a l  temperature, OF 

t measured model surface temperature, ?I? 

X longitudinal distance from shroud e x i t  o r  horizontal- ta i l  
leading edge, posi t ive rearward, i n .  

Y lateral distance from model plane of symmetry, posit ive t o  
r igh t  looking forward, in .  

Z ve r t i ca l  distance from plane containing j e t  center l ines ,  
positzve upward, i n .  

a angle of a t tack of fuselage reference l i ne  ( f ig .  2 ) ,  deg 

P boa t t a i l  angle, deg 

6 nozzle-to-shroud e x i t  spacing, i n .  

e temperature parameter, t2 - T,/T~ - T, 

B 
Subscripts : 

meridian angle a t  engine base ( f ig .  5 ) ,  deg 

a af terbody 

b base 

e shroud exit  

3 j e t  

2 loca l  

m free stream 

APPARATUS AND METHODS 

Wind-Tunnel and Support System 

a 

a 

L 
2 
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The investigation w a s  conducted i n  the Langley l6-foot transonic 
tunnel which is  a single-return atmospheric wind tunnel having a s lo t t ed  
test  section and provision ' for  a i r  exchange. 
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The support system, shown i n  figures 1 and 
mounted bifurcate s t ing  which held the model by 

2, consisted of a s t r u t -  
the wing t i p s  near the 

center l ine  of the tunnel. The forces and moments of the fuselage-tai l  
combination were measured by an in te rna l  strain-gage balance supported 
from the wing panels, which were an integral  pa r t  of the support system. 
A clearance gap, f i l l e d  with a f lex ib le  sponge material, w a s  maintained 
between the fuselage and the wing panels t o  permit deflection of the 
balance by the fuselage-tai l  assembly. I n  order t o  provide adequate 
strength i n  the support system, the wing span w a s  reduced s l igh t ly  as 
shown i n  f igure 2. 

Model 

The model w a s  constructed en t i r e ly  of s t e e l  with the exception of 
p l a s t i c  overlays on portions of the wing surfaces and the nose-canopy 
section. The wing-root i n l e t s  were closed and fa i red  t o  streamline 
contours without a l te r ing  the wing plan form i n  t h i s  region. 
hydrogen peroxide jet-simulator uni ts  s i m i l a r  t o  those shown i n  f ig-  
ure 7(a) of reference 5 were supported internal ly  from the wing panels 
and independently of the fuselage-tai l  assembly. 
hot exhaust with a stagnation temperature of approximately 1,3600 F. 

Two 

Each uni t  generated a 

Four pr incipal  model configurations were investigated, and the 
essent ia l  features of each are  indicated i n  table  I. Configurations I 
and I1 incorporated the basic airplane fuselage with the horizontal tail 
mounted i n  a high and low posit ion,  respectively.  Configurations I11 
and I V  u t i l i zed  the same high-tai l  and low-tail surfaces and mounting 
positions but the fuselage w a s  modified ( r e f .  2) by extending the engine 
compartment section and displacing the engine shrouds and j e t  e x i t s  
rearward along the j e t  center l i nes .  
body geometry w a s  similar t o  that of the basic fuselage. 
t i on  I (a)  of table  I w a s  ident ica l  t o  configuration I of reference 2. 
Configuration III(a) w a s  ident ica l  t o  the basic configuration of ref- 
erence 1 and t o  configuration I11 of reference 2. 

Behind the j e t  exi ts ,  the a f t e r -  
Configura- 

The two horizontal- ta i l  positions investigated are shown i n  f i g -  
ures 1 and 3 and the physical dimensions of the complete basic model 
(configuration I) and the low horizontal t a i l  are given i n  f igure 2. 
Physically, the low t a i l  consisted of the panels used i n  the high 
position, and adapter f i l l e t s  (see f i g .  3 )  machined t o  f i t  the contours 
of the fuselage overhang. Dimensions pertaining t o  the location of the 
horizontal t a i l  and the j e t  e x i t s  f o r  the principal configurattons 
appear i n  f igure 4 .  

Both nonafterburning and afterburning nozzle geometry was  incor- 
porated i n  the investigation (table I)  and the geometrical de ta i l s  of 

b 
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the e x i t  configurations are shown i n  f igure 5 .  Mass discharge coeffi- 
cients ranged from 0.92 t o  0.99 and indicated typical  sonic nozzle 
operation. Auxiliary air  flow, which simulated engine compartment 
cooling a i r ,  was a l so  included i n  various configurations ( tab le  I ) .  
A i r  entered the model through two f lush in l e t s  positioned low on the 
sides of the fuselage ( f igs .  6 and 7) and discharged e i the r  through 
base bleed s l o t s  i n  the fuselage-shroud clearance gaps o r  through the 
fuselage exs t s  [simulated louvers) located above and ahead of the 
shrouds o r  through both ou t l e t  systems simultaneously (see f i g .  7 ) ,  
depending upon the model configuration. 
the engine bases w a s  considered i n  the investigation. Flexible seals 
were in s t a l l ed  between the simulator tailpipes and the engine shrouds 
on a l l  configurations. 

No secondary air flow through 

Tes t s  

I n  general, the present investigation w a s  conducted a t  Mach 
numbers ranging from 0.80 t o  1.07; however, most of the data presented 
herein were taken a t  the specif ic  values of 0.85, 0.95, 1.00, and 1.05. 
A t  subsonic speeds the angle of attack generally ranged from 0' t o  12'. 
A t  supersonic speeds, the maximum angle w a s  confined t o  8' or l e s s  by 
stress limitations on the model and support system. A t  each Mach 
number and angle of attack, the jet-simulator units were operated 
through a cycle of jet-pressure r a t io s  of 1, 3, 5 ,  and 1, where a value 
of 1 has been assigned t o  the i n i t i a l  and f ina l  jet-off conditions. A t  
Mach numbers of 1.00 and 1.05 a jet-pressure r a t i o  of 7 w a s  included i n  
the cycle. The Reynolds number, based on the mean aerodynamic chord of 
the basic wing ( f ig .  2),  varied from approximately 4.7 x 10 6 t o  5.5 x 10 6 . 

Instrumentation 

For a l l  configurations tested,  the l e f t  engine base, the l e f t  s ide 
of the afterbody, and the l e f t  horizontal-tail  panel were instrumented 
w i t h  pressure o r i f i ce s  a t  the locations shown i n  figures 4 and 5 .  I n  
f igure 4, the afterbody pressure instrumentation is  shown f o r  rows a t  
fl = 30° and 90' 
number of thermocouples, peened in to  the model surface, were a l so  
included on the afterbody i n  the rows a t  
of the individual o r i f i ce  and thermocouple locations a re  given f o r  the 
two fuselage configurations i n  tables I1 and 111. The horizontal- ta i l  
o r i f i ce s  w&e located a t  the leading edge, and on the upper and lower 
surface a t  5 percent of the loca l  chord, and a t  every 10 percent there- 
after ( f ig .  4 ) .  

and a t  the fuselage bottom center l i n e .  A l imited 

9 = 30° and 600. Coordinates 

L 
2 
0 
5 
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A l l  afterbody pressure measurements were taken by e l e c t r i c a l  pres- 
sure transducers. During j e t  operation, cer ta in  horizontal- ta i l  pres- 
sures were obtained by transducer measurements only, but during jet-off 
conditions additional data were obtained with mercury manometers. 
Fuselage-tail forces and moments were measured by a six-component 
strain-gage balance, and the model angle of a t tack was determined with 
a pendulum-type strain-gage a t t i tude  indicator mounted i n  the fuselage. 
(See f i g .  2 . )  Transducer, thermocouple, and balance outputs were read 
on recording oscillographs and manometer data were photographically 
recorded. 

D a t a  Reduction and Accuracies 

The data read from oscillograph records and photographic f i l m  were 
converted t o  punch cards and reduced t o  coefficient form by machine 
computation. The data, as presented, are accurate t o  within the fo l -  
lowing limits : 

M, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.005 
a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t0.2 
c p . . . . . . " . . . . . . " . .  . . . . . . . . . . .  20.02 
p t , j p ,  . . . . . . . . . . . . . . . . . . . . . . . . . . .  t o  .2 

c ~ , ~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.0005 
+,0.0003 

c n , t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  to .02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D,b 

C 

The drag-coefficient accuracies quoted above apply t o  values 
obtained by pressure integrations.  I n  the par t icular  phase of the 
overall  investigation reported herein, the fuselage-tai l  drag measure- 
ments were impaired by balance temperature compensation problems. 
r e f .  1.) 
data are  presented. 
t ive,  no specif ic  accuracies can be quoted. 

(See 
Consequently, only fuselage-tail  l i f t  and pitching-moment 

Since these balance data are  necessarily qual i ta-  

The e f fec ts  of support-system interference on the data have been 
discussed previously i n  references 1 and 6. 
ference e f fec ts  on any given configuration are  small and become insig- 
n i f ican t  with regard t o  configuration comparisons. 

It is  believed tha t  in te r -  

RESULTS 

Results of the investigation are presented for  the three regions 
of the model affected by j e t  operation: the engine base region, the 

L 



af terbody (lower portion 
tail.  For each of these 
auxi l iary air  discharge, 

of the fuselage overhang), and the horizontal 
regions the e f fec ts  of jet-pressure ra t io ,  
engine nozzle configuration, angle of attack, 

Mach nunber, and model configuration w i l l  generally be discussed. 

Data obtained from base-pressure measurement are presented i n  
f igures  8 t o  13. The e f f ec t s  of auxiliary air  flow on base pressures 
and base drag are given i n  figures 8 and 9, the e f f ec t  of model angle 
of a t tack on base pressures and drag i s  shown i n  figures 10 and 11, and 
the influence of engine e x i t  nozzle s ize  is i l l u s t r a t e d  i n  f igures  12 
and 13. 

Information on the afterbody region i s  given i n  figures 14 t o  21. 
Effects of auxi l iary air  flow on afterbody pressures and temperatures 
are presented i n  figures 14, 15, and 16. 
single-engine operation on afterbody pressure dis t r ibut ions,  and the 
var ia t ion i n  afterbody pressures with angle of attack i s  shown i n  
f igure 18. 
pressures, drag, and temperatures i s  i l l u s t r a t e d  i n  figures 19, 20, 
and 21. 

Figure 1-7 shows the ef fec t  of 

The influence of j e t  exit nozzle s i ze  on the afterbody 

Results f o r  the models w i t h  high and low horizontal tai ls  are pre- 
sented i n  figures 22 t o  33. The a l te ra t ion  of afterbody pressure d is -  
t r ibut ions due t o  the presence of the low t a i l  i s  given i n  f igure 22. 
Horizontal-tail section pressure dis t r ibut ions a t  angles of a t tack are 
presented i n  f igure 23, and the variation w i t h  Mach number appears i n  
figure 24 f o r  jet-off conditions. 
d i s t r ibu t ion  are shown i n  f igures  25 and 26 and the e f f ec t  of the 
spacing of the j e t  e x i t  t o  the horizontal t a i l  i n  figure 27. 
and 29 show the variation of horizontal- ta i l  section normal-force coef- 
f i c i e n t w i t h  angle of a t tack with j e t s  off and on. 
summarized over the Mach number range i n  figure 30. The manner i n  
which the t a i l  location affected the model fuselage-tai l  l i f t  and 
pitching-moment coefficients i s  i l l u s t r a t e d  i n  figures 3’1 t o  33. 

Jet e f fec ts  on the t a i l  pressure 

Figures 28 

These results a re  

DISCUSSION 

Engine Base Region 

L 
2 
0 
5 

References 1 and 2 have shown the engine base region of the air- 
plane configuration reported herein t o  be the source of considerable 
drag because of the aspirating e f f ec t  of the primary j e t s .  
of auxi l iary air  flow on the pressures i n  this  region i s  of i n t e re s t  
from the standpoint of possible a l lev ia t ion  of this undesirable drag 
character is t ic  par t icular ly  a t  cruising conditions (M sz 0.85; a fi: 4O; 

The e f f e c t  
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pt, j/pm 
ou t l e t  system used,.the e f fec ts  of auxiliary air  flow were small 
although generally favorable a t  an angle of a t tack of bo f o r  a l l  Mach 
numbers and pressure r a t io s .  
the fuselage e x i t s  only (configuration I ( c ) ) ,  a considerable decrease 
i n  base pressure ( f ig .  10) and corresponding increase i n  base drag 
( f ig .  11) occurred a t  angles of a t tack of 6O t o  80 a t  high subsonic 
speeds w i t h  and without j e t  operation. This var ia t ion i n  the base 
conditions apparently resul ted from changes i n  the flow over the top 
of the shrouds caused by the auxi l iary air  discharging from the fuselage 
ex i t s .  

3.0). Figures 8 and 9 show, however, that ,  regardless of the 

When auxi l iary a i r  was discharged from 

Increasing the jet-to-base diameter r a t i o  from 0.72 (nonafter- 
burning nozzle) t o  0.94 (af terburning nozzle) produced large increases 
i n  base-pressure coefficient above a jet-pressure r a t i o  of 3 a t  a l l  Mach 
numbers f o r  both fuselage configurations. (See f i g .  12.)  This increase 
i n  base pressures w i t h  increasing jet-to-base diameter r a t i o  i s  s i m i l a r  
t o  r e su l t s  reported i n  reference 7 and resulted from the interact ion of 
the jets w i t h  the external flow a t  a lower pressure r a t i o .  I n  f igure 1.3, 
the reductions i n  base drag associated w i t h  the afterburning nozzle con- 
figuration resul ted from both an increase i n  base pressure, and a 

*I decrease of approximately 80 percent i n  base area. 

Afterbody Region 

A t  subsonic speeds, auxi l iary air flow ( f ig .  14) generally had 
small e f fec ts  on the afterbody pressures, both with and without j e t  
operation. 
e f fec ts ,  and a t  supersonic speeds ( f ig .  15) only s l i g h t  increases i n  
pressure near the ex i t s  were noted. 

Configurations employing base bleed experienced the la rges t  

The qual i ta t ive e f fec ts  of auxi l iary air flow on the afterbody 
surface temperatures are presented i n  f igure 16 f o r  typical  cruise con- 
di t ions.  Considerable reductions i n  afterbody temperatures were 
achieved w i t h  configurations using base bleed. 

The e f f ec t  of single-engine operation, shown i n  figure 17, w a s  t o  
decrease the pressure on -the l e f t  side of the afterbody when the r i g h t  
simulator w a s  inoperative. This e f f ec t  w a s  l a rges t  on the lower portion 
of the afterbody where the pressurizing influence of the r i g h t  engine 
would be most pronounced during n o m 1  twin-engine operation. 

Angle of a t tack had very l i t t l e  influence on afterbody pressures 
( f i g .  18) w i t h  or without j e t  operation. 
10' the pressures over the rear of the afterbody were increased s l igh t ly  
over those a t  0'. 

A t  model a t t i t udes  as high as 



Incremental afterbody pressures induced by j e t  operation are  shown 
i n  figure 19 f o r  the basic model configuration w i t h  both types of 
nozzles. A s  reported previously i n  reference 2, the nonafterburning 
nozzles produced favorable j e t  e f fec ts  a t  subsonic cruise conditions. 
The afterburning nozzles produced favorable e f fec ts  a t  a l l  Mach numbers 
and jet-pressure r a t io s .  The induced pressures were l e s s  favorable fo r  
the larger  nozzle a t  high pressure r a t io s  because of the reduced 
clearance between the larger  j e t  and the afterbody surface (aspirating 
e f f ec t ,  r e f .  2 ) .  This r e s u l t  i s  indicated i n  the jet-induced afterbody 
drag values of f igure 20 a t  pressure ra t ios  from 3 t o  5 .  
improvement i n  base conditions associated w i t h  the afterburning nozzle, 
the combined e f f e c t  on base and afterbody w a s  more favorable i n  
the afterburning case. Since the high t a i l  of these configurations w a s  
unaffected by j e t  operation, as w i l l  be shown subsequently, the values 
of A C D , ~  
indicate that afterburning nozzle geometry had a favorable influence 
on the drag of the basic airplane configuration. 

Because of the 

ACDjj 

are  indicative of the overall  e f fec ts  on the model and 

Qual i ta t ive temperature data measured on the surface of the heavy 
s t e e l  afterbodies are  shown i n  figure 21. The reduced spacing between 
the j e t  and afterbody surface associated w i t h  the afterburning nozzle 
resul ted i n  higher temperatures than those produced by the nonafter- 
burnin nozzle. The continuous temperature r i s e  along the row a t  
(d = 30 f o r  the afterburning nozzle is  consistent w i t h  unpublished 
shadowgraph pictures  which show that considerable ve r t i ca l  spreading of 
the jets occurred and tha t  the exhaust gases may have been impinging on 
the fuselage. 

$ 

Q 

The influence of the low horizontal t a i l  on the afterbody pressures 
a t  $ = 30° is  i l l u s t r a t e d  i n  figure 22. Negative pressure increments, 
corresponding t o  the acceleration of the flow around the root  f i l l e t s ,  
were induced on the afterbody. The increments tended t o  increase i n  
magnitude w i t h  increasing jet-pressure r a t io ,  presumably because of 
entrainment. 

Horizontal-Tail Region 

The following discussion of the horizontal- ta i l  loading pertains to  
the single row of or i f ices  located d i rec t ly  above the j e t  center l ine  on 
the high ta i l  and s l igh t ly  outboard of th i s  position on the low t a i l  as 
shown i n  f igure 4. 
the corresponding geometry changes ( f ig .  2) must a l so  .be considered, 
par t icu lar ly  the - 2 . 6 O  incidence of the low ta i l .  

In  comparing the data f o r  the two t a i l  positions, 
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The jet-off pressure data of figure 23 typify the var ia t ion i n  t a i l  
loading with ve r t i ca l  position and changes i n  fuselage geometry. 
Par t s  (a) and (b)  of f igure 23 provide a comparison of the high and low 
t a i l s  i n  the presence of the basic fuselage and show tha t  the low t a i l  
experienced very l i t t l e  change i n  loading with model angle of a t tack due 
to  the predominance of the fuselage-wing wake. The e f f ec t  of fuselage 
geometry on the low t a i l  can be seen by comparing par t s  (b) and (c )  of 
f igure 23, which show tha t  the rearward displacement of the engine 
shrouds caused s l igh t  changes i n  the leading-edge pressures corre- 
sponding to  small downward changes i n  the loca l  flow direction. 
r e f .  2 . )  Figure 24 indicates t ha t  the reduced loading on the low t a i l  
a t t r ibu ted  to  the fuselage-wing wake existed over the Mach number range. 

(See 

The e f f ec t  of j e t  operation on the horizontal t a i l  i s  i l l u s t r a t e d  
i n  figures 25 and 26 f o r  the high and low positions, respectively. The 
j e t s  had no e f f ec t  on the high t a i l  (see r e f .  3); however, i n  the low 
posit ion the t a i l  experienced a general decrease i n  lower surface pres- 
sures corresponding t o  the aspirating influence of the j e t s .  Reducing 
the engjne ex i t - to - t a i l  spacing increased the aspirating e f fec t ,  
par t icular ly  a t  the higher pressure r a t io s .  (See f i g .  27.) 

Tail-section normal-force coefficients of configurations I, 11, and 
111, obtained from integration of the section pressure dis t r ibut ions,  
are shown plot ted against angle cf attack for several Mach numbers i n  
figure 28. 
e f fec ts .  Extending the engine compartments (configuration 111) reduced 
the normal force on the high t a i l  s l igh t ly .  This effect ,  a t t r i bu ted  t o  
downward changes i n  the loca l  flow direction caused by the displaced 
shrouds, w a s  generally present over the angle-of-attack range but 
diminished with Mach number. The difference i n  the jet-off normal-force 
levels  of the high- and low-tail positions, evident i n  figure 28, i s  
primarily due t o  the negative incidence se t t ing  of the low ta i l .  The 
reduced slope of the low-tail curves is, however, the r e s u l t  of posi-  
tioning the t a i l  i n  the fuselage-wing wake. 

A s  noted previously, the high t a i l  experienced no j e t  

The aspirat ing e f f ec t  of the j e t s  on the lower surface pressures of 
the low t a i l  i s  indicated i n  the curves of f igure 28 by the reduction i n  
normal force with increasing pressure r a t i o .  
the jet-induced loads reazined re la t ive ly  constant over most of the Mach 
number and angle -of -attack range . 

A t  a given pressure r a t i o  

The e f f ec t  of je t -ex i t  location on the low horizontal t a i l  i s  
i l l u s t r a t e d  i n  f igure 29. Again, as i n  the case of the high t a i l ,  the 
fuselage modification reduced the normal force, but the amount of the 
reduction w a s  considerably larger  f o r  the low ta i l .  This r e s u l t  might 
be expected since the geometry changes would exert  a stronger influence 

LL 



on the flow f i e l d  i n  the immediate v ic in i ty  of the fuselage. 
the j e t  e x i t s  rearward approximately doubled the e f fec ts  of j e t  opera- 
t i on  on the low tail a t  the lower angles of attack. 

Displacing 

The ta i l - sec t ion  effectiveness parameters for  the various configu- 
ra t ions are shown i n  f igure 30. These data are  based on model angle of 
a t tack  and were evaluated from the curves of the section normal force 
p lo t ted  against  model angle of a t tack between angles of 0' and bo. The 
r e su l t s  show that lowering the horizontal t a i l  resulted i n  considerable 
loss i n  effectiveness over the en t i re  Mach number range. 

I 

( 
c 

I 
< The influence of configuration geometry changes and j e t  operation 

on the l i f t  and pitching-moment coefficients of the fuselage-tai l  com- 
bination are i l l u s t r a t e d  qual i ta t ively by the balance data shown i n  
f igures  31 t o  33. The variation of these data w i t h  angle of attack 
indicates that  lowering the horizontal t a i l  reduced the fuselage-tai l  
lift and made the fuselage-tai l  combination longitudinally unstable. 
Fuselage geometry changes, which appeared t o  have l i t t l e  e f f ec t  on l i f t ,  
produced nose-up pitching-moment increments consistent w i t h  the, in f lu-  
ence of the displaced shrouds on the horizontal- ta i l  loading discussed 
previously. This ef fec t ,  obtained f o r  both the high- and low-tail 
posit ions,  w a s  l a rges t  f o r  the low-tail posit ion and generally pers is ted 
over the Mach number range ( f ig .  3 2 ) .  

The e f f e c t  of j e t  operation on the fuselage-tai l  pitching moment 
( f i g .  33) w a s  t o  induce s l igh t  nose-down moment increments on the high- 
ta i l  configurations. 
t i on  ( f i g .  28), these increments are  d i rec t ly  a t t r ibutable  t o  the 
increase i n  pressure on the afterbody, as shown previously i n  figure 19 
and i n  references 1 and 2. Previous data have shown, however, t ha t  the 
low t a i l  experienced jet-induced downloads, which increased i n  severi ty  
w i t h  increasing pressure r a t io ,  and the corresponding nose-up moments 
appear i n  f igure 33. It can be seen that the opposing e f f ec t s  on the 
afterbody and t a i l  tended t o  compensate near a pressure r a t i o  of 3 but 
that the t a i l  j e t  e f f ec t s  predominated as the pressure r a t i o  was 
increased fur ther .  Configuration I V ,  which represented the most severe 
j e t - t a i l  interference s i tua t ion  from the standpoint of geometry 
(extended engine compartments, af terburning nozzles, low ta i l ) ,  experi- 
enced a sharp moment break a t  a pressure r a t i o  of 5 a t  supersonic speeds. 
This r e s u l t  suggests t h a t  the pitching character is t ics  of this configura- 
t i on  might become somewhat e r r a t i c  a t  higher speeds and pressure r a t io s .  

Since the high t a i l  w a s  unaffected by j e t  opera- 

SUMMARY OF RESULTS 

An investigation of the e f fec ts  of j e t  operation, auxi l iary air 
flow, engine nozzle s ize ,  and horizontal- ta i l  posit ion on the aerodynamic 
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character is t ics  of a twin-jet f ighter-airplane model showed the f o l -  
lowing resu l t s  a t  transonic speeds: 

1. Discharging auxiliary a i r  from various out le t  systems i n  the 
fuselage ahead of the j e t  e x i t s  had l i t t l e  e f f ec t  on afterbody pres- 
sures but reduced afterbody temperatures. Auxiliary air  flow had no 
s ignif icant  e f f ec t  on base pressures a t  low angles of attack; however, 
near 8’3, considerable increases i n  base drag occurred when air w a s  
discharged from the fuselage e x i t s  only. 

2. Increasing engine nozzle s ize  t o  simulate the change from non- 
afterburning t o  afterburning conditions resul ted i n  more posit ive base 
pressures during j e t  operation, par t icular ly  a t  the higher pressure 
r a t i o s  and Mach numbers. 
able j e t  e f fec ts  on the overal l  drag of the basic airplane configuration 
(high t a i l ) .  

Afterburning nozzle operation caused favor- 

3 .  Lowering the horizontal tail from a posit ion near the top of the 
ve r t i ca l  s t ab i l i ze r  t o  the sides of the fuselage overhang reduced the 
fuselage-tail  l i f t  and made the fuselage-Tail combination longitudinally 
unstable . 

4. J e t  operation had no e f f ec t  on the high t a i l ;  however, lower 
surface pressures of the low ta i l  decreased w i t h  increasing pressure 
r a t i o  and resul ted i n  nose-up fuselage-tai l  moment increments. 
the longitudinal spacing between the afterburning nozzle e x i t s  and the 
low horizontal t a i l  resul ted i n  somewhat e r r a t i c  jet-induced moments a t  
supersonic speeds. 

Reducing 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va.,  January 19, 1959. 
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TABU 11.- COORDINATES OF FUSELAGE THERMOCOUPI3S AND 

m e  
(a) 

-y, in. z, in. 4% 

PRESSW O R I F I C E S  FOR CONFIGURATIONS I AND I1 

$ = 30° 74.90 1.99 1.66 -0.28 
$ = goo 74.90 1.02 0 - .28 
$ = 1200 74-90 1.28 - .95 -.28 
$ = 180’ 74 -90 2.94 -1.92 -.28 
$ = 255O 74-90 4.79 -.50 -.28 
$ = 330’ .74.9O 3-90 1.66 -.28 

Orifice r o w  

t 
t 
t 
t 
t 
t 

$ = 30° 

@ = goo 

Bottom 
center line 

75 -27 
75 -89 
76.53 
76.89 
77 -15 
78.40 
79.65 
80.28 

85.28 
85.90 
88.40 
90 -29 
90.91- 
93.40 
95.90 
98.41 
99.02 

80.90 
83.40 

75 -89 
76.53 
77.16 

79.66 
78 .41 

80.90 

75 -27 
75.92 
76.52 
77-17 
78.41 
85.91 

1.81 
1.80 
1.79 
1-75 
1.73 
1.51 
1.52 
1.47 
1.42 
1.23 
1.09 
1.05 

-87 
-74 
.71- - 54 
-37 
.20 

- .01 
0.71 

-71 
.63 
-47 - 30 
.14 

0.01 
0 
0 
0 
0 
- .01 

2.18 
1.97 
2.02 
2.07 
2.09 
2.29 
2.47 
2.55 
2.64 
2.99 
3.23 
3.32 
3.60 
3.84 

4.18 
4.48 
4.81 
4.92 

3-90 

0 
0 
.01 
.01 
.02 

0 

-1.47 
-1.35 
-1.24 
-1.10 
- .85 
2.54 

-0.18 - .03 
.13 
.22 
.29 
.60 
.91 

1.07 
1.23 
1.85 
2.32 
2.48 
3.10 
3.57 
3.73 
4.35 
4.98 
5 -60 
5.76 

-0.03 
.1-3 
.29 
.60 
.91 

1.23 

-0.18 
- .02 

.I3 

.29 
-60 

2.48 

t 
t 
t 
th 
t 
t 
t 
th 
t 
t 
th 
t 
t 
th 
t 
t 
t 
t 
th 

t 
t 
t 
t 
t 
t 

t 
t 
t 
t 
t 
t 

a 

L r  

8 
I4 

a t, transducer; th, thermocouple. 



TABU 111.- COORDINATES OF FUSELAGE ~ O C O U P L F S  AND PRESSURE 

ORIFICES FOR CONFIGURATIONS 111 AND IV 

-y, i n .  Model 
s t a t ion  Orifice row z ,  i n .  ./de Type 

(a) 

Base 

1.99 
1.02 

' 1.28 
I 2.94 

4.79 
3.90 

$4 = 30' 
@ = goo 
$4 = 1200 

$4 = 255O 
$4 = 330' 

$4 = 180' 

77.90 
77 - 90 
77 - 90 
77.90 
77-90 
77.90 

$ = 30° 

@ = goo 

Bottom 
center l ine  

78.26 
78.90 
79.53 
79.89 
80.15 
81.40 
82.65 
83.27 
83.90 
86.39 
88.29 
88.91 
91.40 
93.28 
93.91 
96.41 
98.90 
99.03 

78.89 
79.52 
80.15 
81.40 
82.65 

78.28 
78.89 
79.51. 
80.15 
81.40 
83.90 
88.93 

Afterbody 

1.73 
1.85 
1.80 
1.77 
1.75 
1.64 
1.54 
1.49 
1.43 
1.25 
1.05 
1.03 

.86 
-73 
.66 
.48 
.28 

0 

0.72 
-71. 
.64 
.48 
.33 

0.01 
- .01 
0 - .01 
- .01 
- .01 
0 

1.66 
0 
- .95 

-1.92 
- -50 
1.66 

-0.28 
- .28 
-.28 

-.28 
-.28 

- .28 

2.02 
1.87 
1.90 
1.96 
1.99 
2.17 
2.36 
2.46 
2.55 
2.93 
3.09 
3.14 
3.56 
3.78 
3.86 
4.18 
4.53 
4.40 

-0.06 
- .08 
- .07 
-.08 
- .08 

-1.55 
-1.43 
-1.32 
-1.19 
-.93 
-.28 
2.48 

-0.19 
- .03 

.I3 

.22 

.29 

.60 
91 

1.07 
1.23 
1.85 
2.32 
2.48 
3.10 
3.57 
3.73 
4.35 
4.98 
5.01 

-0.03 
* 13 
.29 
.60 
.91. 

-0.18 - .03 
.I3 
.29 
.60 

1.23 
2.48 

t 
t 
t 
t h  
t 
t 
t 
t h  
t 
t 
t h  
t 
t 
t h  
t 
t 
t 
t h  

a t, transducer; t h ,  thermocouple. 
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(c) Bottom viev of j e t  ex i t s .  

Figure 1 e - Concluded. 



.-------i 100.52 

.\-\ Basic wing 

21 

Six-component 

/- balancm Angle- of-at  t ack  \ i n d i c a t o r  y- Wing block 

L F u s e l a g e  re ference  l i n e  I L' Je t - s imula tor  
\ 

Fuselage 
a t a t i o n  76.00 

ITEM 

Area, s q  f t  
Span, f t  
Aspect r a t i o  
Mean aerodynamic chord, f t  
Tsaer r a t i o  
Incidence angle ,  deg 
3 ihedra l  anple deg 
Sweepback oi l&d ing  edge, deg 
Sweepback ol' t r a i l i n g  edge, deg 
Root a i r f o i l  s e c t i o n  
T i p  a i r f o i l  s e c t i o n  

WING,  BASIC 
(SHOWN By DASHED LINES) 

z.75 
.95 

4.28 
1.28 
0.28 
1 .oo 
0.99 

41.12 
19.$2 

NACA 65AOO7l 
NACA 65AOO6l 

HIGH 
HORIZONTAL 

TAIL 

1.17 
1.77 
3.39 
0.42 
0.46 
0.99 
10.00 
39-90 
20.93 

65A007 
65A006 

LOW 
HORIZONTAL 

TAIL 

1.38 
2.99 
3.17 
71 

-2% 
-15.29 
45.33 
26.94 

65A007 
65A006 

1 

2 Basic, excluding dorsal .  

The wing a i r f o i l  s e c t i o n s  were modified forward of the  16.0 -percent-chord 
l i n e  by extending the  chord 5 percent  and incorpora t ing  1.t7 percent  
p o s i t i v e  camber. 

VEiTICAL 
TAIL 

1. le2 
0.34 

1 A 6 2  

52.90 
16.50 

65A007 
65A007 

Figure 2.- Dimensional details of the basic model and the low horizontal  
t a i l .  All dimensions a re  i n  inches unless otherwise noted. 
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I iner Afterburning 
nozzle 

Shroub exit 
stotion 

Note: Afterbody orifices locoted along 
rp=30° ond 90°, ond fuselage 
center line. For orifice ond 
thermocouple coordinotes, see 
Tables II ond XI.. 

/- A Base onnulus orifices 

Non-ofterburning I 
ii, - 

Fuseioge Jet sirnutotor 

Figure 5.- Geometrical details of jet-exit configurations and angular 
position of base and afterbody instrumentation. 
for two engines. 

Base areas are given 
All dimensions are in inches unless otherwise noted. 
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Con f i gu ra t io n 
__O___ I (a ) ,  no auxil iary f low 
-- U-- Uc), fuselage exits 

9) 
0 
0 

F 
2 1  
V I  * , 
u) 

Q 
2 
I 

-+- I ( e ) ,  fuselage exits and 

--d-- I ( b ) ,  base bleed 
base bleed 

I 2 3 4 5 6 7 8 

t, j / p a  Jet  pressure ratio, p 

Figure 8.- Variation of average base-pressure coeff ic ient  with j e t -  
pressure r a t i o  f o r  various types of auxi l iary a i r  flow. Configura- 
t i o n  I; a = bo. 





Configuration 
__O__ I(c ) ,  basic, fuselage exits 
-e- I ( f ) ,  basic, base bleed 
----O-- IU(b), extended ta i l  pipes, base bleed 

I (b)  Fuselage pressures near base, X/de = -0.03 to 0.14 
I I 

0 2 4 6 8 I O  12 
Angle of attack, a, deg 

Figure 10.- Variation of average pressure coefficients i n  engine base 
region w i t h  angle of a t tack.  M, = 0.85, j e t s  o f f .  
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Figure 

M a  
0.85 

.9 5 

1-00 

I .05 

Configuration and nozzle 
U I(b)  nonafterburning 

0 

.7 - 
I 2 3 4 5 6 7 8 

t, j / P a  Jet-pressure ratio, p 

(a) Configurations I (b)  and I ( f ) .  

12.- Effect of j e t  nozzle s ize  on average base-pressure coeff i -  
c ients .  a = 4'; auxiliary air from base bleed. 
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Figure 12. -, Concluded. 
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Figure 14.- Typical e f f e c t  of auxi l iary a i r  flow on afterbody pressure 
d is t r ibu t ions .  Configuration I; M, = 0.85; and a = 4O. 
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Figure 14. - Concluded. 
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Figure 18.- Effect  of angle of a t tack on afterbody pressure dis t r ibu-  
t ions.  Configuration I ( f )  ; M, = 0.85. 
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Configuration 
I(f); basic, high tail 

-0- IL; basic, low tail 
----D-- E; extended engine 

compartments, low tail 

0 I 2 3 4 5 6 
Distance from shroud exit, x/de 

F e c 

Figure 22.- Influence of horizontal-tail location on afterbody pressure 
distributions at @ = 30°. 
burning nozzles; M, = 0.83; a = 4 O .  

Configurations I(f), 11, and IV; after- 
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P t, j /Pm Con f i g u ra t ion $ 7  deg 
I and 5 I(f), basic 0 
I and 5 m(b), extended 0 ---- 

engine compartments 
I 
3 } E, basic -2.6 
5 

--- 

- --- - 

0 2 4 6 8 IO I2 
Model angle of attack, u ,  deg 

(a) M, = 0.83. 

Figure 28.- Variation of horizontal-tail section normal-force coeffi- 
cient with angle of attack. Configurations I, 11, and 111. 
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